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BACKFLOW PREVENTING DEVICE,
POWER CONVERSION APPARATUS,
MOTOR DRIVER, AND REFRIGERATING
AND AIR-CONDITIONING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a U.S. national stage application of
International Application No. PCT/JP2013/068162 filed on

Jul. 2, 2013, the disclosure of which 1s imncorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to, for example, backflow
preventing devices included 1n, for example, power conver-
s10n apparatuses.

BACKGROUND ART

Application fields of various kinds of power converting
apparatuses have been studied in accordance with practical
application of, for example, variable-voltage variable-ire-
quency inverters.

For example, with regard to power converting appara-
tuses, the applied technology of buck-boost converters has
been actively developed in recent years. Furthermore, for
example, wide band-gap semiconductors composed of, for
example, silicon carbide have also been actively developed.
With regard to such new elements, elements that have high
voltage resistant characteristics but have a small current-
carrying capacity (1.e., a low permissible eflective electric-
current value) are put to practical use mainly as rectifiers (for
example, see Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Appli-
cation Publication No. 2005-160284 (FIG. 1)

SUMMARY OF INVENTION

Technical Problem

There are still many problems for such practical applica-
tion of new highly-eflicient elements. In particular, it may
take time for such elements to be widely used 1n apparatuses
that convert electric power to be supplied to, for example,
motors ol compressors 1n air-conditioning apparatuses. An
apparatus 1s also known that has a device (1.e., a circuit) that
commutates a portion of electric current flowing toward a
rectifier to a different path to reduce recovery electric current
occurring in the rectifier. Because such an apparatus has the
new device (i.e., the circuit) in addition to a device that
changes the electric power, such as a boosting device, there
1s a possibility ol an increase 1n costs.

The present invention provides, for example, a power
conversion apparatus that can achieve cost reduction as
much as possible.

Solution to Problem

A backtlow preventing device according to the present
invention mcludes a backilow preventing element connected
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between a power supply and a load and configured to
prevent electric current from flowing backward from a side
ol the load toward a side of the power supply, a commutating
device configured to perform a commutation operation for
causing the electric current to flow to a commutation path
serving as a different path connected 1n parallel with the
backilow preventing element, and a controller configured to
set a time for performing the commutation operation and to
cause the commutating device to perform the commutation
operation based on the set time. The backilow preventing
device has a plurality of the commutation paths.

Advantageous Effects of Invention

In the backilow preventing device according to the pres-
ent invention, since the plurality ol commutation paths
connected 1n parallel with the backilow preventing element
are provided, the amount of electric current flowing through
cach commutation path can be reduced. Therefore, for
example, elements with small current-carrying capacities
can be disposed in the commutation paths, so that cost
reduction can be achieved. Furthermore, for example, even
in a case where an element in a certain commutation path
fails, the commutating device can still proceed with the
commutation operation using another commutation path,

thereby allowing for enhanced reliability for reducing recov-
ery electric current.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates an example of the configuration of, for
example, a system having, as a principal component thereof,
a power conversion apparatus according to Embodiment 1 of
the present invention.

FIG. 2 illustrates an example (1) in which a commutating,
device 7 1s connected 1n parallel with a backiflow preventing
clement 5, 1n accordance with Embodiment 1 of the present
invention.

FIG. 3 1illustrates an example (2) in which the commu-
tating device 7 1s connected in parallel with the backflow
preventing element 5, 1n accordance with Embodiment 1 of
the present mnvention.

FIG. 4 1s a diagram (1) illustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 1 of the present mvention 1s
operated.

FIG. 5 1s a diagram (2) illustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 1 of the present invention is
operated.

FIG. 6 1s a diagram (1) illustrating signal and electric
current waveforms 1n a case where a commutating device 7
according to Embodiment 2 of the present invention 1is
operated.

FIG. 7 1s a diagram (2) illustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 2 of the present invention 1s
operated.

FIG. 8 1s a diagram (1) illustrating signal and electric
current waveforms 1n a case where a commutating device 7
according to Embodiment 3 of the present invention 1is
operated.

FIG. 9 1s a diagram (2) illustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 3 of the present mvention 1s
operated.
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FIG. 10 1s a diagram for explaining the relationship
between a commutation operation and electric current tlow-
ing through the backtlow preventing element 5 according to
Embodiment 3 of the present invention.

FIG. 11 1llustrates an example (1) 1n which the commu-
tating device 7 1s connected in parallel with the backflow
preventing element 5, in accordance with Embodiment 4 of
the present 1mnvention.

FIG. 12 1llustrates an example (2) 1n which the commu-
tating device 7 1s connected in parallel with the backflow
preventing element 5, in accordance with Embodiment 4 of
the present mnvention.

FIG. 13 1s a diagram (1) 1llustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 4 of the present invention 1s
operated.

FIG. 14 1s a diagram (2) 1llustrating signal and electric
current waveforms 1n a case where the commutating device
7 according to Embodiment 4 of the present invention 1s
operated.

FIG. 15 1llustrates an example (1) 1n which the commu-
tating device 7 1s connected 1n parallel with the backflow
preventing element 5, 1n accordance with Embodiment 5 of
the present invention.

FIG. 16 1llustrates an example (2) 1n which the commu-
tating device 7 1s connected in parallel with the backflow
preventing element 5, 1n accordance with Embodiment 5 of
the present invention.

FIG. 17 1s a diagram (1) 1llustrating signal and electric
current wavetorms 1n a case where the commutating device
7 according to Embodiment 5 of the present invention 1s
operated.

FIG. 18 1s a diagram (2) 1llustrating signal and electric
current wavetorms 1n a case where the commutating device
7 according to Embodiment 5 of the present invention 1s
operated.

FIG. 19 1s a diagram for explamning the relationship
between a commutation operation and electric current tlow-
ing through the backtlow preventing element 5 according to
Embodiment 5 of the present invention.

FI1G. 20 illustrates the configuration of a refrigerating and
air-conditioning apparatus according to Embodiment 6 of
the present invention.

DESCRIPTION OF EMBODIMENTS

For example, a backflow preventing device according to
cach of Embodiment 1 to Embodiment 5 of the present
invention will be described below with reference to the
drawings. In the following drawings including FIG. 1,
objects given the same reference signs are identical or
equivalent objects and are common throughout the descrip-
tions of Embodiment 1 to Embodiment 6 to be described
below. The types of components described in the entire
specification are exemplary and are not limited to the types
described 1n the specification. In particular, combinations of
components are not limited to the combinations specified 1n
cach of Embodiment 1 to Embodiment 6. Specifically, a
component described 1n one Embodiment may be applied to
another Embodiment. Furthermore, for example, with regard
to the same type of devices that are differentiated from each
other by suthxes, such devices may be described without the
suilixes 1 1t 1s not particularly necessary to differentiate
them from each other or to specily them. Moreover, the
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dimensional relationships among components in the draw-
ings may sometimes be different from those of actual ones.

Embodiment 1

FIG. 1 illustrates an example of the configuration of, for
example, a system having, as a principal component thereof,
a power conversion apparatus according to Embodiment 1 of
the present invention. First, the system configuration in FIG.
1 having the power conversion apparatus that can perform

clectric power conversion with high efliciency will be
described.

In the system 1n FIG. 1, the power conversion apparatus
1s provided between a power supply 1 and a load 9 and
converts electric power from the power supply 1 and sup-
plies 1t to the load 9. The power conversion apparatus
according to Embodiment 1 1s configured to boost voltage
and has, for example, a chopper circuit 6, a commutating
device 7, and a smoothing device 8.

The power supply 1 1s constituted of, for example, a
combination of a direct-current power supply, an alternat-
ing-current power supply, and a rectifying circuit (1.e., a
rectifier), and supplies direct-current power to the chopper
circuit 6.

The chopper circuit 6 has a reactor 3, a boosting switch
device 4, and a backilow preventing element 5. The reactor
3 1s connected to the power supply 1 and 1s provided for
suppressing higher harmonic waves. The boosting switch
device 4 has a switching element, such as an IGBT (insu-
lated gate bipolar transistor). The boosting switch device 4
short-circuits the power supply 1 (i.e., between two termi-
nals connected to the power supply 1) via the reactor 3 based
on a drive signal (1.e., a boosting drive signal) from a
controller 100.

The backtlow preventing element 35 1s an element pro-
vided between the boosting switch device 4 and the smooth-
ing device 8 and configured to prevent backtlow of electric
current from the smoothing device 8. Normally, the back-
flow preventing element 5 1s, for example, a semiconductor
clement, such as a fast recovery diode, which has excellent
clectrical characteristics (i1.e., recovery characteristics 1n
particular) and has a small current-carrying capacity and a
short reverse recovery time. The commutating device 7 1s a
device connected 1n parallel with the backtlow preventing
clement 5. The commutating device 7 performs a commu-
tation operation for commutating electric current flowing
toward the backtlow preventing element 5 to a different path
(1.e., another path not imntervened by the backflow preventing
clement 5, which will be referred to as “commutation path”
hereinafter) at a necessary timing. The backflow preventing
clement 5 and the commutating device 7 serve as a backtlow
preventing device that prevents electric current from flowing
backward from the load 9 side toward the power supply 1
side.

FIG. 2 and FIG. 3 illustrate examples according to
Embodiment 1 of the present invention, 1n which the com-
mutating device 7 1s connected 1n parallel with the backilow
preventing element 5. The commutating device 7 1s a device
that performs a commutation operation for causing electric
current to flow to a commutation path connected 1n parallel
with the backtlow preventing element 5. In FIG. 2, there are
two commutation paths. In FIG. 3, there are three commu-
tation paths. As shown in these drawings, the backflow
preventing device according to Embodiment 1 has a plural-
ity of commutation paths for commutation. As shown 1n
FIG. 2 and FIG. 3, the commutating device 7 according to
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Embodiment 1 has a commutation operation umt 70 and
commutation rectifying elements 72.

Each commutation rectifying element 72 1s connected in
series with a secondary winding of a transformer 73 1n the
corresponding commutation path. Each commutation recti-
tying element 72 prevents backtlow of electric current from
the load 9 side and causes the electric current to flow from
the power supply 1 side toward the load 9 side. Since there
are two commutation paths in FIG. 2, the commutating
device 7 in FIG. 2 has commutation rectifying elements 72a
and 72b. Since there are three commutation paths 1n FIG. 3,
the commutating device 7 mm FIG. 3 has commutation
rectitying elements 72a, 72b, and 72¢. The commutation
rectifying elements 72 are constituted of semiconductor
clements, such as fast recovery diodes. Alternatively, a
Schottky barrier diode, which has good recovery character-
istics, low forward voltage, a low loss, and high voltage
resistant characteristics, may be used as each commutation
rectifying element 72. As another alternative, wide-band gap
semiconductor elements composed of, for example, S1C
(silicon carbide), GaN (gallium nitride), or diamond may be
used. The use of these elements leads to an increase in
crystal defects and an increase in costs as a permissible
ellective electric-current value becomes higher in the speci-
fications thereof. Since an element with a low permissible
ellective electric-current value can be used as each commu-
tation rectifying element 72 in Embodiment 1, a highly-
ellicient, cost-eflective power conversion apparatus can be
achieved.

The commutation operation unit 70 according to Embodi-
ment 1 has commutation operation circuits 71 that are
independent from the commutation paths. Since there are
two commutation paths 1n FIG. 2, the commutating device
7 1n FI1G. 2 has commutation operation circuits 71a and 715.
Since there are three commutation paths i FIG. 3, the
commutating device 7 1n FIG. 3 has commutation operation
circuits 71a, 715, and 71c. Fach commutation operation
circuit 71 has a transformer 73, a commutation switch 74,
and a commutation power supply 75. Although FIG. 2
illustrates the configuration within the commutation opera-
tion circuit 715 and FIG. 3 illustrates the configuration
within the commutation operation circuit 71¢, the commu-
tation operation circuit 71a also has a similar configuration.
The transformer 73, which has, for example, a pulse trans-
former, applies voltage to a primary winding and causes
excitation current to flow therethrough, thus mducing volt-
age to the secondary winding and causing electric current to
flow therethrough. The transformer 73 also commutates
clectric current tlowing through the chopper circuit 6 to the
corresponding commutation path. The commutation power
supply 75 supplies electric power to the transformer 73. The
commutation switch 74 opens and doses based on a drive
signal (1.e., a commutation drive signal) from the controller
100 and controls the electric power supply to the transformer
73 and the stoppage of the electric power supply to the
transformer 73 (1.e., the primary winding).

With the intervention of the transformer 73 as described
above, the commutation path and the circuit that connects
the primary winding of the transformer 73, the commutation
switch 74, and the commutation power supply 75 can be
insulated from each other. Therefore, a signal for driving the
commutating device 7 can be injected relatively easily.
Moreover, a highly safe and reliable system can be estab-
lished. Although FIG. 2 and FIG. 3 illustrate examples 1n
which the secondary winding of each transformer 73 and the
anode side of the corresponding commutation rectifying
clement 72 are connected to each other, the example 1s not
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limited to such connection 1f the direction of the electric
current flowing through the commutation rectifying element
72 1s the same. For example, the cathode side of each
commutation rectifying element 72 and the secondary wind-
ing of the corresponding transformer 73 may be connected
to each other. Furthermore, for example, a limiting resistor,
a high-frequency capacitor, a snubber circuit, or a protection
device may be inserted 1nto each electric circuit constituted
of the commutation power supply 75, the commutation
switch 74, and the primary winding of the transformer 73,
where necessary, 1n view ol noise reduction and protection
in the event of a failure. Furthermore, where necessary, a
reset winding may be added to the primary winding of each
transformer 73 so that excitation current can be reset.
Moreover, by providing, for example, a rectifier, excitation
energy may be regenerated at the power supply side so that
increased efliciency can be achieved.

The smoothing device 8 1s constituted of, for example, a
capacitor, smooths voltage applied by the power supply 1,
and performs electric power supply by applying direct-
current voltage (1.e., output voltage, bus voltage) to the load
9. The load 9 1s driven by the electric power supplied via the
smoothing device 8.

A load voltage detector 101 1s a voltage detector that
detects the voltage smoothed by the smoothing device 8 and
to be applied to the load 9 and outputs the detected voltage
value 1n the form of a detection signal. An electric current
detector 102 detects electric current (1.e., bus current) flow-
ing from the power supply 1 and outputs the detected
clectric-current value i the form of a detection signal.
Based on the detected electric-current value of the electric
current detector 102, electric current flowing through the
reactor 3 can also be detected. A power-supply voltage
detector 103 1s a voltage detector that detects voltage applied
by the power supply 1 and outputs the detected voltage value
in the form of a detection signal.

The controller 100 1s a device that, for example, calculates
the operation time (1.e., the short-circuit time) of the boost-
ing switch device 4, the commutating device 7, or other
devices from the detection-related signals from the load
voltage detector 101, the electric current detector 102, and
the power-supply voltage detector 103 and performs control.
The controller 100 has, for example, arithmetic units, such
as a microcomputer and a digital signal processor, and a
converter that converts signals from the arithmetic units into
drive signals for driving the boosting switch device 4 and the
commutation switch 74. Since a plurality of commutation
switches 74 are provided 1n Embodiment 1, a commutation
drive signal corresponding to each commutation switch 74 1s
sent thereto.

The operation related to the system according to Embodi-
ment 1 described above will be described below. The power
conversion apparatus according to Embodiment 1 adds, for
example, a commutation operation in the commutating
device 7 to a power conversion operation of a DC chopper.
Thus, the backtlow preventing element 3 1s reverse-recov-
ered belore electric current flows backward from the
smoothing device 8, thereby reducing recovery electric
current.

For example, when the operation 1s performed 1n a state
where the boosting switch device 4 and the commutation
switches 74 are turned ofl, the electric current path 1s
established by the power supply 1, the reactor 3, the back-
flow preventing element 3, the load 9, and the power supply
1. When the operation 1s performed 1n a state where the
boosting switch device 4 1s turned on (1.e., dosed) and the
commutation switches 74 are turned off, the electric current
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path 1s established by the power supply 1, the reactor 3, the
boosting switch device 4, and the power supply 1. In this
case, the voltage applied to the reactor 3 1s substantially
equal to the voltage of the power supply 1. By repeating the
on-oil switching of the boosting switch device 4, the electric
current paths can be alternated. Furthermore, by controlling
the ratio of the on and off time periods, the wavelform of
input electric current by the power supply 1 can be arbi-
trarily changed, so that the power factor and the content
percentage ol higher harmonic current can be improved.

Normally, the number of accumulated carriers tends to
increase as the current-carrying capacity of a rectifying
diode increases. Therefore, the recovery electric current
increases with increasing current-carrying capacity. Further-
more, the recovery electric current increases as the applied
reverse bias voltage increases.

In the power conversion apparatus according to Embodi-
ment 1, control (referred to as “commutation control” here-
inafter) 1s performed by forming commutation paths with the
commutating device 7 and performing reverse recovery by
applying low reverse bias voltage via the transformers 73
and the commutation rectifying elements 72 immediately
betore the boosting switch device 4 1s turned on, instead of
performing reverse recovery by applying high reverse bias
voltage to the backilow preventing element 5, which has a
large current-carrying capacity.

In commutation control, the commutation switches 74 of
the commutating device 7 are turned on immediately before
the boosting switch device 4 1s turned on, and the electric
current flowing toward the backtlow preventing element 5 1s
commutated toward the commutation rectifying elements 72
via the transformers 73. The electric current path 1n a state
where the boosting switch device 4 1s turned off and the
commutation switches 74 are turned on is established by the
power supply 1, the reactor 3, the backflow preventing
clement 5, the load 9, and the power supply 1. Furthermore,
since the commutation switches 74 are turned on, the
transformers 73 are excited, and the electric current also
flows through the paths established by the secondary wind-
ings of the transformers 73 and the commutation rectifying
clements 72 1n the commutating device 7.

For example, commutation drive signals for the commu-
tating device 7 (1.e., the commutation switches 74) are set to
an on-state immediately before a boosting drive signal for
the boosting switch device 4 1s set to an on-state. In this case,
the electric current starts to flow toward the paths of the
secondary windings of the transformers 73 due to excitation
current. Thus, the electric current tlows distributively toward
the backiflow preventing element 5 and the commutation
rectifying elements 72. Subsequently, as the commutation
drive signals are maintained in the on-state, the electric
current no longer tlows toward the backflow preventing
clement 5 after a certain time period, so that the entire
clectric current flows toward the commutation rectifying
clements 72 (1.e., the commutation 1s completed).

When performing the commutation operation, each com-
mutation power supply 75 1s set to a sufliciently low value,
as compared with the output voltage of the smoothing device
8, so that the backflow preventing element 5 can be turned
ofl (1.e., reverse-recovered) with low reverse bias voltage.
When the boosting switch device 4 1s turned on 1n this state,
a reverse recovery operation of the commutation rectifying
clements 72 1s performed. In this case, recovery electric
current 1s generated. However, since the electric-current
flowing time in the commutation rectifying elements 72 1s
extremely short, as compared with that in the backtlow
preventing element 5, the effective electric current of the
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clectric current flowing through the commutation rectifying
clements 72 1s low, meamng that the current-carrying
capacities required therein may be small. Thus, small-
capacity elements with a small number of accumulated
carriers can be used, thereby allowing for reduction of
recovery electric current, as compared with a case where
recovery electric current 1s generated by the backtlow pre-
venting element 5 (in this case, the elements are selected in
view of the peak electric current). As a result, a loss and an
amount ol noise resulting from recovery electric current can
be reduced 1n the entire system. Consequently, the levels of
noise terminal voltage, radiation noise, and so on are
reduced, and a circuit loss 1s suppressed. Thus, a noise filter
can be reduced 1n size, and cost reduction can be achieved.

FIG. 4 and FIG. § are diagrams 1illustrating signal and
clectric current wavelorms 1n a case where the commutating
device 7 according to Embodiment 1 of the present inven-
tion 1s operated. With regard to drive signals for the boosting
switch device 4 and the commutating device 7 (1.e., the
commutation switches 74), the HI side thereof 1s set as the
active direction (1.e., on direction). As shown in FIG. 4 and
FIG. 5, when the commutating device 7 1s not caused to
perform a commutation operation, large recovery electric
current 1ndicated by a dotted line occurs 1n the backtlow
preventing element 5. By causing the commutating device 7
to perform a commutation operation, the recovery electric
current 1n the backilow preventing element 5 1s reduced.

In Embodiment 1, the controller 100 sends commutation
drive signals by which the commutation switches 74 are
turned on and ofl at same timings as each other in the
commutation operation circuits 71. Thus, the electric current
flowing toward the commutating device 7 1n accordance
with the commutation operation 1s distributed to the com-
mutation paths, so that a peak value and an average value of
the electric current flowing to each commutation path
decrease 1n accordance with the number of commutation
paths, as compared with a case where a commutation
rectifying element 72 1s provided 1n a single commutation
path. Furthermore, backilow of electric current from the load
9 side toward the power supply 1 side 1s also reduced.
Therefore, the current-carrving capacity of each commuta-
tion rectitying element 72 can be reduced. By reducing the
current-carrying capacity, many types of elements can be
employed as the commutation rectitying elements 72. More-
over, cost reduction can be achieved. In addition, with the
plurality of commutation paths provided, even if, for
example, the electric current cannot flow toward a certain
commutation path due to a failure of at least one of the
commutation rectifying element 72 and the commutation
operation circuit 71 1n the commutation path, the electric
current can still flow through another commutation path,
thereby allowing for enhanced reliability.

Accordingly, since the system having the backtflow pre-
venting device according to Embodiment 1 has a plurality of
commutation paths connected in parallel with the backtlow
preventing element 3, the electric current flowing through
cach commutation path can be reduced. Theretfore, by mak-
ing the commutation operation circuits 71 operate simulta-
neously, the electric current flowing through each commu-
tation path can be reduced, so that, for example, an element
with a small current-carrying capacity can be disposed in
cach commutation path, thereby achieving cost reduction.
Furthermore, for example, even in a case where an element
in a certain commutation path fails, the commutating device
7 can still proceed with the commutation operation using
another commutation path, thereby allowing for enhanced
reliability for reducing recovery electric current.
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Embodiment 2

FIG. 6 and FIG. 7 are diagrams illustrating signal and
clectric current wavelorms 1n a case where a commutating
device 7 according to Embodiment 2 of the present inven-
tion 1s operated. The configurations and so on of the system
and the power conversion apparatus are similar to those
described with reference to FIGS. 1 to 3 1n Embodiment 1.

In Embodiment 2, the controller 100 sends commutation
drive signals with different on-ofl timings to the commuta-
tion switches 74 1n the commutation operation circuits 71.
For example, in FIG. 6, the commutation drive signals are
alternately set to an on-state relative to an on-state of a
boosting drive signal. Thus, each commutation switch 74 1s
turned on once every time the boosting drive signal 1s set to
an on-state twice. Therefore, the operation cycle 1s doubled,
and the duty becomes 4.

In FIG. 7, the commutation drive signals are set to an
on-state 1n correspondence with an on-state of the boosting
drive signal. Therefore, each commutation switch 74 1is
turned on once every time the boosting drive signal 1s set to
an on-state three times.

Accordingly, the commutation operation 1s performed 1n
cach commutation path instead of being performed simul-
taneously 1n the plurality of commutation paths. Because the
iterval (1.e., operation cycle) between the commutation
operations 1n the commutation paths becomes longer by a
factor of the number of parallel-connected lines, an eflective
clectric-current value (1.e., an average) of the electric current
flowing to each commutation path decreases 1n accordance
with the number of commutation paths, as compared with a
case where a commutation rectitying element 72 1s provided
in a single commutation path. Furthermore, electric-current
concentration, such as unbalanced flow of electric current
through the commutation paths, caused by, for example,
variations 1n the elements does not occur.

Embodiment 3

FIG. 8 and FIG. 9 are diagrams illustrating signal and
clectric current wavelforms 1n a case where a commutating
device 7 according to Embodiment 3 of the present inven-
tion 1s operated. The configurations and so on of the system
and the power conversion apparatus are similar to those
described with reference to FIGS. 1 to 3 in Embodiment 1.

In Embodiment 3, the controller 100 sends commutation
drive signals with different on-state time periods to the
commutation switches 74 1n the commutation operation
circuits 71. In this case, the commutation drive signals are
sent such that the on timings are substantially the same.

By setting diflerent on-state time periods for the commu-
tation switches 74 1n the commutation operation circuits 71,
the amount of flow of electric current varies from commu-
tation path to commutation path. Therefore, the amount of
clectric current tlowing through each commutation path can
be adjusted 1n accordance with the commutation operation
of the commutating device 7, thereby preventing the ele-
ments and so on i1n the commutation paths from being
damaged. Moreover, by reducing the electric current tlowing
through the commutating device 7, a loss can be suppressed.
According to circumstances, the number of commutation
paths to which electric current flows may be reduced without
turning on one or more of the commutation switches 74.

FIG. 10 1s a diagram for explaining the relationship
between a commutation operation and electric current tlow-
ing through the backtlow preventing element 5 according to
Embodiment 3 of the present invention. FIG. 10 1s directed
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to a case where the commutating device 7 has three com-
mutation paths, as shown i FIG. 3. For example, the
recovery electric current increases with increasing electric
current flowing through the backiflow preventing element 5.

The controller 100 determines the magnitude of recovery

clectric current flowing from the load 9 side toward the
power supply 1 side. FIG. 10 shows that the recovery
clectric current increases with 1increasing amount of electric
current flowing through the backflow preventing element 5.

For example, the magmtude of recovery electric current
can be determined from electric current flowing from the
power supply 1 to the power conversion apparatus (1.€.,
clectric current detected by the electric current detector 102),
clectric current flowing through the reactor 3, electric cur-
rent flowing through the boosting switch device 4, electric
current flowing through the backtflow preventing element 5,
or electric current flowing from the power conversion appa-
ratus to the load 9. Therefore, by using an electric current
detector to detect at least one of these electric current values,
the controller 100 can determine the magnitude of recovery
clectric current. Furthermore, for example, the magnitude of
recovery electric current can be determined from voltage

applied to opposite terminals of the backiflow preventing
clement 5 or from voltage applied to the load 9 (i.e., voltage
detected by the load voltage detector 101). Therefore, a
voltage detector may be used to detect at least one of these
voltage values. Moreover, for example, the magnitude of
recovery electric current can be determined from electric
power supplied to the power conversion apparatus from the
power supply 1 or from electric power supplied to the load
9 from the power conversion apparatus. Therefore, a power
detector may be used to detect at least one of these electric
power values. Since the detection can be achueved by any of
the physical values, the detection can be shared with detec-
tion mtended for another purpose.

Based on the determined magnitude of recovery electric
current, the controller 100 sets the number of commutation
paths to which electric current 1s made to flow 1n accordance
with a commutation operation. Then, based on the set
number of commutation paths, the controller 100 causes the
corresponding commutation operation circuit or circuits 71
to perform a commutation operation by sending a commu-
tation drive signal or signals thereto. Consequently, the
amount of electric current flowing through each commuta-
tion path can be reduced. For example, in a case where the
recovery electric current 1s large, advantages similar to those
in, for example, Embodiment 1 are exhibited. In a case
where the recovery electric current 1s small, a loss caused by
the commutation operation 1s suppressed, so that reduction
of loss 1n the entire apparatus can be achieved.

Embodiment 4

FIG. 11 and FIG. 12 illustrate examples 1n which the
commutating device 7 1s connected in parallel with the
backtlow preventing element 3, 1n accordance with Embodi-
ment 4 of the present invention. For example, the configu-
ration of the system 1s similar to that described with refer-
ence to FIG. 1 in Embodiment 1. In Embodiment 4, the
configuration of the commutating device 7 1s diflerent from
those 1 FIG. 2 and FIG. 3 1n that a primary winding of a
transformer 73, a commutation switch 74, and a commuta-
tion power supply 75 are shared between or among a
plurality of commutation paths. Therefore, 1n Embodiment
4, there 1s one commutation switch 74 1n the commutating
device 7.
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FIG. 13 and FIG. 14 are diagrams 1llustrating signal and
clectric current wavelorms 1n a case where the commutating
device 7 according to Embodiment 4 of the present inven-
tion 1s operated. In Embodiment 4, since there i1s one
commutation switch 74, the controller 100 only has to send
one commutation drive signal. Moreover, since the timing at
which voltage 1s induced to the secondary windings of the
transformer 73 1s the same, the electric current flowing
toward the commutating device 7 in accordance with a
commutation operation flows distributively to the commu-
tation paths, as in the case of Embodiment 1, so that a peak
value and an average value of the electric current tlowing to
cach commutation path decrease 1in accordance with the
number ol commutation paths, as compared with a case
where a commutation rectitying element 72 1s provided 1n a
single commutation path.

Furthermore, electric current flowing backward from the
load 9 side toward the power supply 1 side 1s also reduced.
Therefore, the current-carrying capacity of each commuta-
tion rectitying element 72 can be reduced. By reducing the
current-carrying capacity, many types of elements can be
employed as the commutation rectifying elements 72. More-
over, cost reduction can be achieved. In addition, with the
plurality of commutation paths provided, even 1if, for
example, the electric current cannot flow toward a certain
commutation path due to a failure of at least one of the
commutation rectilying element 72 and the commutation
operation circuit 71 1n the commutation path, the electric
current can still flow through another commutation path,
thereby allowing for enhanced reliability for reducing recov-
ery electric current.

Accordingly, 1n the commutating device 7 according to
Embodiment 4, the primary winding of the transformer 73,
the commutation switch 74, and the commutation power
supply 75 are shared between or among the plurality of
commutation paths, so that, for example, cost reduction and
s1ze reduction of the apparatus can be achieved as a result of
the reduced number of elements.

Embodiment 5

FIG. 15 and FIG. 16 illustrate examples 1n which the
commutating device 7 1s connected in parallel with the
backilow preventing element 3, 1n accordance with Embodi-
ment 5 of the present invention. For example, the configu-
ration of the system 1s similar to that described with refer-
ence to FIG. 1 in Embodiment 1. In Embodiment 5, the
configuration of the commutating device 7 1s diflerent from
those 1n FIG. 10 and FIG. 11. Embodiment 5 1s similar to
Embodiment 2 in that the primary winding of the trans-
former 73, the commutation switch 74, and the commutation
power supply 75 are shared between or among the plurality
of commutation paths. However, in Embodiment 5, two
commutation switches 74 (74a and 74b) and two commu-
tation power supplies 75 (75a and 755b) are provided.

FIG. 17 and FIG. 18 are diagrams 1llustrating signal and
clectric current wavelorms 1n a case where the commutating
device 7 according to Embodiment 5 of the present inven-
tion 1s operated. The direction 1n which voltage 1s applied to
the primary winding of the transformer 73 (1.¢., the direction

of electric current flowing to the primary winding) 1s dii-
ferent between when the commutation switch 74a 1s turned
on and when the commutation switch 745 1s turned on. The
controller 100 sends commutation drive signals for alter-
nately turming on the commutation switch 74a and the
commutation switch 74b.
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The secondary windings of the transformer 73 in the
respective commutation paths imnclude a type with the same
polarity as the primary winding and a type (1.€., a reversely-
wound type) with a polarity different from that of the
primary winding. In FIG. 17, the secondary windings 1n two
commutation paths have polarities different from each other.
Therefore, with regard to the commutation operation in the
commutating device 7, the commutation operation 1s per-
formed alternately between the respective commutation
paths, as in Embodiment 2. Furthermore, in FIG. 17, the
primary winding in the commutation path having the com-
mutation rectifying element 72¢ and in the commutation
path having the commutation rectifying element 72¢ has the
same polarity as the secondary windings. The primary
winding 1n the commutation path having the commutation
rectifyving element 726 has a polarity different from that of
the secondary winding. Therefore, with regard to the com-
mutation operation in the commutating device 7, the com-
mutation operation 1s performed alternately between the two
commutation paths and the one commutation path.

FIG. 19 1s a diagram for explaining the relationship
between a commutation operation and electric current tlow-
ing through the backflow preventing element 5 according to
Embodiment 5 of the present invention. In Embodiment 3
described above, the controller 100 sets the number of
commutation paths to which electric current 1s made to tlow
based on the magnitude of recovery electric current.

For example, in the commutating device 7 shown in FIG.
16, the number of commutation paths to which electric
current tlows varies (1.¢., from among the commutation path
having the commutation rectifying element 725, the com-
mutation path having the commutation rectifying element
72a, and the commutation path having the commutation
rectifying element 72¢) depending on the direction 1n which
clectric current flows through the primary winding of the
transformer 73. The controller 100 determines, for example,
the magnitude of recovery electric current. If 1t 1s determined
that the recovery electric current 1s small, a commutation
drive signal for opening and closing the commutation switch
74a 1s sent so that the electric current 1s made to flow
through the commutation path having the commutation
rectifying element 72qa. It 1t 1s determined that the recovery
clectric current 1s large, a commutation drive signal for
opening and closing the commutation switch 745 1s sent so
that the electric current 1s made to flow through the com-
mutation paths having the commutation rectifying elements
72a and 72c.

Accordingly, in the commutating device 7 according to
Embodiment 5, the primary winding of the transtormer 73,
the commutation switch 74, and the commutation power
supply 75 are shared between or among the plurality of
commutation paths, so that, for example, cost reduction and
s1ze reduction of the apparatus can be achieved as a result of
the reduced number of elements. Moreover, the commuta-
tion operation 1s performed at diflerent timings with respect
to the plurality of commutation paths.

Embodiment 6

FIG. 20 illustrates the configuration of a refrigerating and
air-conditioning apparatus according to Embodiment 6 of
the present invention. The following description of Embodi-
ment 6 relates to a refrigerating and air-conditioning appa-
ratus 1 which electric power 1s supplied via the above-
described power conversion apparatus. The refrigerating and
air-conditioning apparatus i FIG. 20 includes a heat-
source-side unit (1.e., an outdoor umt) 300 and a load-side
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unit (1.e., an indoor unit) 400, which are connected by
refrigerant pipes to constitute a main refrigerant circuit
(referred to as “main refrigerant circuit” hereinafter) through
which refrigerant circulates. The refrigerant pipes include a
gas pipe 500 through which gaseous refrigerant (1.e., gas
refrigerant) flows and a liquid pipe 600 through which liquid
reirigerant (i1.e., liquid refrigerant but may sometimes be
two-phase gas-liquid refrigerant) flows.

In Embodiment 6, the heat-source-side unit 300 1s con-
stituted of various units (means), which include a compres-
sor 301, an o1l separator 302, a four-way valve 303, a
heat-source-side heat exchanger 304, a heat-source-side fan
305, an accumulator 306, a heat-source-side expansion unit
(1.e., an expansion valve) 307, a heat exchanger 308 related
to refrigerant, a bypass expansion umt 309, and a heat-
source-side controller 310.

The compressor 301 compresses and discharges suctioned
refrigerant. The compressor 301 has an inverter that can
finely adjust the capacity (1.e., the amount of refrigerant to
be discharged per unit time) of the compressor 301 by
arbitrarily changing the operating frequency. The power
conversion apparatus described 1n any one of Embodiment
1 to Embodiment 5 described above 1s attached between, for
example, the power supply 1, which supplies electric power
for driving the compressor 301 (i.e., a motor), and the
compressor 301 having the inverter serving as the load 9. A
device constituted of a combination of the power conversion
apparatus and the inverter serves as a motor driver.

The o1l separator 302 separates lubricating o1l mixed in
the refrigerant and discharged from the compressor 301. The
separated lubricating o1l 1s returned to the compressor 301.
The four-way valve 303 changes the flow of the refrigerant
in accordance with a cooling operation mode and a heating
operation mode based on a command from the heat-source-
side controller 310. The heat-source-side heat exchanger
304 exchanges heat between the refrigerant and air (i.e.,
outdoor air). During heating operation, the heat-source-side
heat exchanger 304 functions as an evaporator and
exchanges heat between the air and low-pressure refrigerant
flowing 1n via the heat-source-side expansion unit 307,
thereby evaporating and gasitying the refrigerant. During
cooling operation, the heat-source-side heat exchanger 304
functions as a condenser and exchanges heat between the air
and the refrigerant tlowing in from the four-way valve 303
side and compressed by the compressor 301, thereby con-
densing and liquetying the refrigerant. In order to efliciently
exchange heat between the refrigerant and the air, the
heat-source-side heat exchanger 304 i1s provided with the
heat-source-side fan 305. With regard to the heat-source-
side fan 303, the rotation speed of the fan may be finely
adjusted by supplying electric power thereto via the power
conversion apparatus according to any one of Embodiment
1 to Embodiment 5 described above and, for example,
arbitrarily changing the operating frequency of the fan motor
in the mverter included 1n the load 9.

The heat exchanger 308 related to refrigerant exchanges
heat between refrigerant flowing through a main tlow path of
the refrigerant circuit and refrigerant that has diverged from
that flow path and whose tlow rate has been adjusted by the
bypass expansion unit 309 (1.e., an expansion valve). In
particular, when the refrigerant needs to be subcooled during,
cooling operation, the refrigerant heat exchanger 308 sub-
cools the refrigerant and supplies the refrigerant to the
load-side unit 400. The liquid flowing via the bypass expan-
s1on unit 309 is returned to the accumulator 306 via a bypass
pipe. The accumulator 306 1s, for example, means for storing,
excess liquid refrigerant. The heat-source-side controller
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310 1s formed of, for example, a microcomputer. The
heat-source-side controller 310 1s capable of communicating,

with a load-side controller 404 1n a wired or wireless
manner. For example, based on data related to detection by
various types of detecting means (i.e., sensors) within the
refrigerating and air-conditioning apparatus, the heat-
source-side controller 310 controls the overall operation of
the refrigerating and air-conditioning apparatus by control-
ling each means related to the refrigerating and air-condi-
tioning apparatus, such as by controlling the operating
frequency of the compressor 301 by controlling an inverter
circuit. Furthermore, the processing performed by the con-
troller 100 described in each of Embodiment 1 to Embodi-
ment 5 may be performed by the heat-source-side controller
310.

The load-side unit 400 1s constituted of a load-side heat
exchanger 401, a load-side expansion unit (1.e., an expansion
valve) 402, a load-side fan 403, and the load-side controller
404. The load-side heat exchanger 401 exchanges heat
between refrigerant and air. For example, during heating
operation, the load-side heat exchanger 401 functions as a
condenser and exchanges heat between the air and refriger-
ant flowing 1n from the gas pipe 500 to condense and liquety
the refrigerant (or to change the refrigerant into a two-phase
gas-liquid state), and discharges the refrigerant toward the
liquid pipe 600. During cooling operation, the load-side heat
exchanger 401 functions as an evaporator and exchanges
heat between the air and refrigerant changed into a low-
pressure state by the load-side expansion unit 402 to evapo-
rate and gasily the relrigerant by making the refrigerant
receive heat from the air, and discharges the refrigerant
toward the gas pipe 500. Furthermore, the load-side unit 400
1s provided with the load-side fan 403 for adjusting the tlow
of air that i1s to exchange heat with the refrigerant. The
operating speed of the load-side fan 403 is set by, for
example, a user. The load-side expansion unit 402 1s pro-
vided for adjusting the pressure of the refrigerant within the
load-side heat exchanger 401 by changing the opening
degree of the load-side expansion unit 402.

The load-side controller 404 1s also formed of, for
example, a microcomputer and 1s capable of communicating
with, for example, the heat-source-side controller 310 in a
wired or wireless manner. Based on a command from the
heat-source-side controller 310 or a command from, for
example, a resident, each unit (i.e., means) in the load-side
unmt 400 1s controlled such that, for example, the indoor
temperature 1s set to a predetermined temperature. Further-
more, a signal that contains data related to detection by
detecting means provided 1n the load-side unit 400 1s trans-
mitted.

Accordingly, 1n the reirigerating and air-conditioning
apparatus according to Embodiment 8, electric power 1s
supphied to, for example, the compressor 301 and the
heat-source-side fan 305 by using the power conversion
apparatus according to any one of Embodiment 1 to
Embodiment 5 described above, whereby a highly-eflicient,
highly-reliable refrigerating and air-conditioning apparatus
can be obtained.

INDUSTRIAL APPLICABILITY

Although Embodiment 8 described above 1s directed to a
case where the power conversion apparatus according to the
present invention 1s applied to the refrigerating and air-
conditioning apparatus, the present invention i1s not limited
to the above. The power conversion apparatus according to
the present invention may also be applied to, for example, a
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heat pump apparatus, an apparatus that utilizes a refrigera-
tion cycle (1.e., a heat pump cycle), such as a refrigerator, a
transport apparatus, such as an elevator, an illuminator
(system), a hybrid vehicle, or a photovoltaic power condi-
tioner. In that case, similar advantages can be exhibited.

REFERENCE SIGNS LIST

1 power supply 3 reactor 4 boosting switch device 3
backilow preventing element 6 chopper circuit 7 commu-
tating device 8 smoothing device 9 load 70 commutation
operation umit 71, 71a, 71b, 7T1c¢ commutation operation
circuit 72, 72a, 72b, 72¢ commutation rectitying element 73
transformer 74, 74a, 746 commutation switch 75, 75a, 7556
commutation power supply 100 controller 101 load voltage
detector 102 electric current detector 103 power-supply
voltage detector 300 heat-source-side unit 301 compressor
302 o1l separator 303 four-way valve 304 heat-source-side
heat exchanger 305 heat-source-side fan 306 accumulator
307 heat-source-side expansion unit 308 heat exchanger
related to refrigerant 309 bypass expansion unit 310 heat-
source-side controller 400 load-side unit 401 load-side heat
exchanger 402 load-side expansion umt 403 load-side fan
404 load-side controller 500 gas pipe 600 liquid pipe

The 1nvention claimed 1s:

1. A backflow preventing device comprising:

a backiflow preventing element connected between a
power supply and a load and configured to prevent
backtlow of electric current from a side of the load
toward a side of the power supply;

a commutating device configured to perform a commu-
tation operation for causing the electric current to flow
to a commutation path connected to serve as a diflerent
path 1n parallel with the backiflow preventing element;
and

a controller configured to cause the commutating device
to perform the commutation operation,

wherein the backtlow preventing device has a plurality of
the commutation paths.

2. The backilow preventing device of claim 1,

wherein the controller 1s configured to cause the commu-
tating device to start the commutation operation to the
plurality of commutation paths at a substantially same
timing.

3. The backtlow preventing device of claim 1,

wherein the controller 1s configured to cause the commu-
tating device to start the commutation operation to the
plurality of commutation paths at diflerent timings.

4. The backtlow preventing device of claim 1,

wherein the controller 1s configured to cause the commu-
tating device to end the commutation operation to the
plurality of commutation paths at a substantially same
timing.

5. The backtlow preventing device of claim 1,

wherein the controller 1s configured to set a number of
commutation paths to which the electric current 1s
made to flow, 1n the commutation operation.

6. The backflow preventing device of claim 5, further

comprising;

an electric current detector configured to detect the elec-
tric current flowing from the side of the load toward the
side of the power supply,

wherein the controller 1s configured to set the number of
commutation paths based on a magnitude of the electric
current detected by the electric current detector.

7. The backtlow preventing device of claim 1,

wherein the commutating device has
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a commutation rectitying element configured to rectily
the electric current flowing through each commutation
path,

a transformer configured to apply, to a secondary winding,
in each commutation path, a voltage based on a voltage
related to a primary winding and to perform the com-
mutation operation, and

a transformer driver having a commutation power supply
and a commutation switch and connected to the pri-
mary winding of the transformer, the transformer driver
opening and closing the commutation switch to control
excitation current flowing toward the primary winding
of the transformer from the commutation power supply.

8. The backilow preventing device of claim 7,

wherein at least the commutation switch, the transformer,
and the commutation rectifying element are provided
equal 1n number to the number of the commutation
paths.

9. The backtlow preventing device of claim 7,

wherein at least the commutation switch, the secondary
winding of the transformer, and the commutation rec-
tifying element are provided equal in number to the
number of the commutation paths, and

wherein the primary winding of the transformer 1s shared.

10. The backtlow preventing device of claim 7,

wherein at least one secondary winding has a polarity
different from a polarity of the primary winding, and
wherein the commutation operation 1s performed at
different timings with respect to the plurality of com-
mutation paths by changing a direction of the electric
current flowing to the primary winding.

11. The backflow preventing device of claim 7,

wherein the commutation rectifying element 1s an element
employing a wide-band gap semiconductor.

12. The backtlow preventing device of claim 11,

wherein the wide-band gap semiconductor i1s composed of
sitlicon carbide, a gallium-nitride-based material, or
diamond.

13. A power conversion apparatus comprising:

a smoothing device configured to smooth an output volt-
age;

a switch device disposed at a side of a power supply
relative to the smoothing device and configured to
short-circuit the power supply by opening and closing
a switch;

a reactor disposed at the side of the power supply relative
to the switch device;

the backtlow preventing device of claim 1 configured to
prevent backilow of electric current from a side of a
load; and

a controller configured to control a commutation opera-
tion of the backiflow preventing device and to control
opening and closing of the switch of the switch device.

14. The power conversion apparatus of claim 13, further

comprising:

an electric current detector configured to detect at least
one of an electric current flowing from the power
supply, an electric current flowing through the reactor,
an e¢lectric current flowing through the switch device,
an electric current flowing through the backtlow pre-
venting element, and an electric current flowing to the
load,

wherein the controller i1s configured to determine a mag-
nitude of the electric current flowing from the side of
the load toward the side of the power supply based on
the electric current detected by the electric current
detector.
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15. The power conversion apparatus of claim 13, further

comprising:

a voltage detector configured to detect at least one of a
voltage related to the backtlow preventing element and
a voltage applied to the load,

wherein the controller 1s configured to determine a mag-
nitude of the electric current flowing from the side of
the load toward the side of the power supply based on
the voltage detected by the voltage detector.

16. The power conversion apparatus of claim 13, further

comprising;

a power detector configured to detect at least one of
clectric power supplied from the power supply and
clectric power supplied to the load,

wherein the controller 1s configured to determine a mag-
nitude of the electric current flowing from the side of
the load toward the side of the power supply based on
the electric power detected by the power detector.

17. A motor driver comprising:

the power conversion apparatus of claim 13; and

an mverter configured to convert electric power supplied

by the power conversion apparatus into alternating-

current power.
18. A refnigerating and air-conditioning apparatus com-
prising:
the motor driver of claim 17 for driving at least one of a
compressor and a blower.
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